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1
INK JET RECORDER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an inkjet recorder and
particularly to technology for further reapplying ink (for
example, ultraviolet curable ink) to a paper surface on which
an image is formed by digital printing, offset printing, etc.

2. Description of the Related Art

Technology referred to as so-called overcoating is a
known ink jet recorder printing technology. In overcoating,
a sheet of paper on which an image has been formed
beforehand is thickened around the, e.g., text of the image,
the sheet of paper is made to be partially glossy, a three-
dimensional impression is made on the sheet of paper, and/or
a complicated color expression is achieved by printing one
color on top of another on the sheet of paper. For example,
a transparent ink is printed over a base print so as to produce
a three-dimensional effect, or ink that is different in color
and in property is overprinted in accordance with the color
of a printed image serving as the base print so as to darken
the printing color or to express color that cannot be
expressed by only carrying out printing once. As an example
of this, there is a case where, for example, after an image is
formed on a paper surface by digital printing, offset printing,
etc., an ultraviolet curable ink (hereinafter, referred to as
“UV ink”) is applied in a thick layer over the image, and an
ultraviolet ray is radiated so as to cure the ink (spot UV
printing) (see, for example, Japanese Patent Application
Publication No. 2009-255572). In order to produce a three-
dimensional effect using a printed image that serves as a
base print, a transparent UV ink is widely used as an UV ink.

Overcoating is performed for the purpose of, e.g., deco-
rating an image on a sheet of paper that has already been
printed. Thus, an ink layer for the overcoating needs to be
accurately formed at the position matching up with the
printed image. Therefore, conventionally, a mark (hereinaf-
ter, referred to as a “registration mark™) for positioning is
printed, in advance, at the periphery of a printing area at an
end portion of a sheet of paper, and the position of a printed
image may be identified with reference to the position of the
registration mark. From this, a position may be set for
discharging ink for the overcoating. Even when there is a
misalignment in the printed image, the discharge position is
corrected with reference to the position of the registration
mark. More specifically, a technique has been employed
where a pair of registration marks is printed along the width
of the front end of a paper surface in the direction of
conveyance of the sheet of paper.

SUMMARY OF THE INVENTION

According to the above-described technique, with refer-
ence to a pair of registration marks printed at the front end
of a sheet of paper, the timing of the ink discharge may be
corrected for the overcoating on a printed image located
downstream from the registration marks along the direction
of conveyance of the sheet of paper (also known as “the
paper-conveying direction”, which will hereafter be applied
as a condition). For example, if the pair of registration marks
is misaligned with each other, the sheet of paper is consid-
ered to be skewed, and the ink discharge timing for the
overcoating is corrected. However, with this kind of tech-
nique, proper correction cannot be made when there is
distortion in the printed image since the distortion cannot be
detected. Further, the distortion in the printed image may be
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2

erroneously determined to be caused by skewing. In that
case, a problem arises where the correction causes misalign-
ment along the width of the sheet of paper, as the formation
of an ink layer for overcoating progresses.

The present invention seeks, in part, to highly accurately
form an ink layer for overcoating even when there is
distortion in a printed image serving as a base print. An ink
jet recorder that is capable of performing an overcoating
process is sought to form said ink layer with high accuracy.

One embodiment of the present invention relates to an ink
jet recorder configured to perform an overcoating process,
where an ultraviolet curable overcoating ink is discharged
onto a sheet of paper on which a registration mark that
serves as a reference for identifying an image formation
position is printed and on which an image has already been
formed, such that the overcoating is superimposed on the
image. The ink jet recorder includes: a conveying mecha-
nism that conveys the sheet of paper on which the image has
already been formed; a recording head that functions to
discharge the overcoating ink onto a printing surface of the
sheet of paper, on which the image has already been formed;
an ultraviolet-ray irradiation unit that is arranged down-
stream of the recording head in a paper-conveying direction
and that cures, by irradiating with an ultraviolet ray, the
overcoating ink on the sheet of paper; a reader that is
arranged upstream, in the paper conveying direction, of the
recording head and that reads the registration mark printed
on the sheet of paper that is conveyed; a memory unit that
stores data that is set in advance, based on a design corre-
spondence relationship, between a printing position of the
registration mark and the image formation position in the
sheet of paper, wherein the data is discharge data for
identifying a discharge pattern of the overcoating ink dis-
charged from the recording head; a controller that performs
the discharge control of the recording head based on the
discharge data; and a correction unit that corrects the dis-
charge data based on information read for the registration
mark.

On the sheet of paper on which the image has already
been formed, a first registration mark pair and a second
registration mark pair are printed. The first registration mark
pair and second registration mark pair each consist of a pair
of registration marks that are arranged to be spaced apart in
a paper-width direction, perpendicular to the paper-convey-
ing direction, the second registration mark pair located
posterior to the first registration mark pair in the paper-
conveying direction. Based on the actual positional relation-
ship between the first registration mark pair and the second
registration mark pair that are read by the reading unit, the
correction unit corrects discharge data that corresponds to an
image formation area located between the first registration
mark pair and the second registration mark pair.

Optional combinations of the aforementioned constituting
elements and implementations of the invention in the form
of methods, apparatuses, or systems may also be practiced as
additional modes of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the accompanying drawings, which
are meant to be exemplary, not limiting, and wherein like
elements are numbered alike in several figures, in which:

FIG. 1 is a diagram schematically illustrating an ink jet
recorder according to an embodiment;

FIGS. 2A and 2B are diagrams schematically illustrating
the details of main parts of an image recorder;
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FIG. 3 is a schematic view illustrating an electrical
configuration focusing on an electronic control unit of the
ink jet recorder;

FIGS. 4A and 4B are diagrams each illustrating a coor-
dinate system that is set for discharge control of a UV ink;

FIGS. 5A and 5B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 6A and 6B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 7A and 7B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 8A and 8B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 9A and 9B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 10A and 10B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 11A and 11B are explanatory diagrams showing a
method of correcting discharge data;

FIGS. 12A and 12B are explanatory diagrams showing a
method of correcting discharge data;

FIG. 13 is a flowchart illustrating a discharge process of
a UV ink that is performed by the electronic control unit;

FIG. 14 is a flowchart illustrating a discharge data cor-
rection process in S14 shown in FIG. 13 in detail; and

FIG. 15 is a flowchart illustrating a discharge control
process in S16 shown in FIG. 13 in detail.

DETAILED DESCRIPTION OF THE
INVENTION

The invention will now be described by reference to the
preferred embodiments. This does not intend to limit the
scope of the present invention but to exemplify the inven-
tion. The size of the component in each figure may be
changed in order to aid understanding. Some of the com-
ponents in each figure may be omitted if they are not
important for explanation.

In the following explanation, an explanation will be given
regarding spot UV printing as an example of overcoating.
Further, in the following explanation, it will be assumed
unless otherwise stated that printing occurs along the direc-
tion of conveyance of the sheet of paper. The upstream side
along the direction of conveyance in an ink jet recorder may
be simply referred to as “upstream” or “upstream side,” and
the downstream side along the direction of conveyance may
be simply referred to as “downstream” or “downstream
side,” for convenience sake.

FIG. 1 is a diagram schematically illustrating an ink jet
recorder 10 according to an embodiment. The ink jet
recorder 10 performs a spot UV printing process where a UV
ink layer is formed on a sheet of paper, on which an image
has already been formed by printing. The UV ink layer is
formed such that it is superimposed on the printed image.

The ink jet recorder 10 is provided with a paper feeder 12,
an image recorder 14, and a stacker 16. The paper feeder 12
has a paper feeding table 20 and a paper feeding mechanism
22. In the paper feeding table 20, image-formed sheets of
paper (hereinafter also known as “sheets” or “paper”) are
loaded. On each sheet, a predetermined image has been
printed by another ink jet recorder (not shown). The paper
feeding table 20 is formed to be liftable, and the topmost
sheet of the loaded paper is fed by the paper feeding
mechanism 22.

The sheet of paper that has been sent out by the paper
feeding mechanism 22 is conveyed along a conveying path
26. The image recorder 14 is provided downstream from the
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conveying path 26. In the image recorder 14, a belt convey-
ing mechanism 32 is provided, which conveys the sheet of
paper along the conveying path 26. The belt conveying
mechanism 32 conveys the sheet of paper while allowing the
sheet of paper to stick to a conveying surface by air suction
power through holes that are formed on a belt. Above the
belt conveying mechanism 32, an image reader 34, a head
unit 36, and an ultraviolet-ray irradiation apparatus 38 are
provided in order upstream in the paper-conveying direc-
tion.

A discharging path 40 is connected downstream from the
image recorder 14. The sheet of paper that has been con-
veyed from the belt conveying mechanism 32 is sent to the
discharging path 40 and then transported to the stacker 16.
The stacker 16 has a conveying path 46 and a sheet accu-
mulator 48. The sheet of paper transported through the
discharging path 40 is discharged and accumulated in the
sheet accumulator 48 via the conveying path 46. In an
exemplary variation, a printer may be directly connected
instead of the paper feeder 12. Instead of the stacker 16, an
apparatus may be connected that performs a post-treatment
process such as cutting and/or binding a sheet of paper that
is sent out.

The ink jet recorder 10 also has an electronic control unit
50 (also known as an “electronic control 50”"). The electronic
control unit 50 has a dedicated CPU for performing various
operations related to the embodiments, a ROM for storing
various control programs, and a RAM used as a work area
to store data and execute programs. The electronic control
unit 50 controls a spot UV printing process on a sheet of
paper, on which an image has already been formed, by
controlling, for example, the operation of an actuator pro-
vided inside the ink jet recorder 10. An operation panel (not
shown) is provided in the ink jet recorder 10, and a user is
able to set various settings for the spot UV printing process
by operation input via this operation panel. In an exemplary
variation, a display, a mouse, and a keyboard of an external
PC may function as the operation panel, and the PC may
function as the electronic control unit 50.

FIG. 2 is a diagram schematically illustrating the details
of main parts of the image recorder 14. FIG. 2A is a side
view, and FIG. 2B is a plan view. As shown in FIG. 2A, the
image recorder 14 is provided with a plurality of conveyance
rollers 52 that convey a sheet of paper P as the belt
conveying mechanism 32. This sheet of paper P is an
image-formed sheet of paper on which an image subject to
spot UV printing (hereinafter, also referred to as a “base
image”) and a registration mark that serves as a reference for
identifying an image formation position of the base image
are printed. For one driving roller located upstream of the
image reader 34 among the plurality of conveyance rollers
52, an encoder 54 (rotary encoder) is installed for calculating
the conveyance amount of the sheet of paper P based on the
number of rotations thereof. A sheet sensor 56 for detecting
a front end of the sheet of paper P that has been conveyed
from the paper feeder 12 is arranged between the image
reader 34 and the encoder 54.

Triggered by the detection of the sheet of paper P by the
sheet sensor 56, the electronic control unit 50 acquires an
output pulse of the encoder 54 and calculates the convey-
ance position of the sheet of paper P. Then, based on the
position of the sheet of paper P that has been calculated, the
electronic control unit 50 sets the image timing for imaging
by the image reader 34, discharge timing of a UV ink by the
head unit 36, and ultraviolet-ray irradiation timing for ultra-
violet-ray irradiation by the ultraviolet-ray irradiation appa-
ratus 38. Details of this control will be described later.
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As shown in FIG. 2B, the image reader 34 includes a pair
of' image sensors 60 and 62 arranged spaced apart along the
width of the sheet of paper above the belt conveying
mechanism 32. In the present embodiment, these image
sensors 60 and 62 are formed of charged coupled devices
(CCD). Alternatively, complementary metal oxide semicon-
ductors (CMOS) or other image sensors may be employed.
The image sensor 60 is formed as a first sensor that is fixed
along the width of one end side of the sheet of paper. The
image sensor 62 is provided along the width of the other end
side of the sheet of paper and is formed as a second sensor
that is provided movably along the width of the sheet of
paper. In other words, an interval between the pair of image
sensors can be adjusted by driving the image sensor 62 along
the width of the sheet of paper according to the size of the
sheet of paper P.

The head unit 36 has three line heads 64 that discharge a
UV ink such that the UV ink is superimposed on an image
that has been printed on the sheet of paper P conveyed
upstream. These line heads 64 function as “recording
heads.” A UV ink is ink that contains components (ultra-
violet curable components such as monomers, oligomers,
etc.) that become cured (polymerized) by the application of
ultraviolet energy and a photopolymerization initiator. This
UV ink has properties of initiating polymerization upon
receiving an ultraviolet ray, increasing in the viscosity
thereof as the polymerization progresses, and becoming
cured in the course of time.

Each of the line heads 64 has a number of discharge holes
(nozzles) arranged linearly in the longitudinal direction
thereof for the discharging of UV ink. In each of the three
line heads 64, the nozzles are arranged in a direction
(hereinafter, referred to as a “paper-width direction”) that is
perpendicular to the paper-conveying direction, and the line
heads 64 are disposed in an overlapped manner such that no
gap is created between adjacent line heads 64.

In an exemplary variation, a plurality of line heads 64
other than three line heads may be provided. Alternatively,
the line heads 64 may be formed of a long single object in
the paper-width direction. Further, the line heads 64 may be
arranged such that respective nozzles are lined up in a
predetermined direction that is not parallel to the paper-
conveying direction; for example, the respective nozzles
may be arranged being inclined at a predetermined angle
with respect to the paper-width direction. Further, recording
heads that discharge ink into two or more lines at once may
be used as the line heads 64.

The ultraviolet-ray irradiation apparatus 38 functions as a
“ultraviolet-ray irradiation unit” and cures, by irradiating a
UV ink formed on the sheet of paper P conveyed upstream
with an ultraviolet ray, a UV ink layer of the UV ink.

FIG. 3 is a schematic view illustrating an electrical
configuration, focusing on the electronic control unit 50 of
the ink jet recorder 10. Functional blocks are shown for the
electronic control unit 50. The functions of these are imple-
mented by the cooperation of hardware such as a dedicated
CPU for performing various operations, a ROM for storing
various control programs, and a RAM used as a work area
to store data and execute programs, and software. Therefore,
these functional blocks may be implemented in a variety of
forms by combinations of hardware and software.

The electronic control unit 50 has a data acquisition unit
70, a correction unit 72, a control unit 74 (otherwise known
as a “controller 74”), and a memory unit 76. An electronic
signal from an input device 80 provided at an operational
panel (not shown) is input to the electronic control unit 50.
This input device 80 includes various switches such as a start
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switch for starting a spot UV printing process, a stop switch
for stopping the spot UV printing process, etc. Detection
signals from the encoder 54, the sheet sensor 56, the image
sensors 60 and 62, which have already been explained, and
the like are input to the electronic control unit 50. Based on
input from these switches and sensors, the electronic control
unit 50 performs a predetermined operation for paper-
feeding control, conveyance control, discharge control for a
UV ink, ultraviolet-ray irradiation control, etc., and outputs
a control command signal to the paper feeder 12, the belt
conveying mechanism 32, the head unit 36, the ultraviolet-
ray irradiation apparatus 38, and the like.

The memory unit 76 of the electronic control unit 50 is a
memory storage that stores discharge data for identifying a
discharge pattern of a UV ink from the headunit 36. This
discharge data is data that is set in advance based on a
correspondence relationship between a printing position of a
plurality of registration marks printed on the sheet of paper
P and an image formation position in the sheet of paper P and
is print data used for the printing of a base image. The data
acquisition unit 70 acquires this discharge data by connect-
ing with an external terminal, such as a personal computer
(not shown), or a storage device, such as a USB memory.

The correction unit 72 reads out the discharge data from
the memory unit 76 and corrects the discharge data based on
position information (design position) of the registration
marks included in the discharge data and the actual position
information (measured position) of the registration marks
read out by the image reader 34. In other words, if the base
image printed on the sheet of paper P deviates from a design
value or if the sheet of paper P conveyed upstream is tilted,
an accurate spot UV printing process along the actual base
image cannot be performed by discharge control based on
the discharge data stored in the memory unit 76. Therefore,
the correction unit 72 calculates the difference between the
design value and the measured value of the base image based
on the change in the position of the registration marks. The
correction unit 72 performs a correction process for covering
the difference on the discharge data. The control unit 74
performs the discharge control of the UV ink based on the
discharge data, as corrected. Details of this correction pro-
cess will be described later.

An explanation will now be given in detail regarding the
spot UV printing process according to the present embodi-
ment. FIGS. 4A and 4B are diagrams each illustrating a
coordinate system that is set for the discharge control of the
UV ink. FIGS. 5-12 are explanatory diagrams showing a
method of correcting discharge data. In the figures, each (A)
figure shows a situation regarding a deviation between a
design value and a measured value of a base image, and each
(B) figure shows a method of correcting the deviation.

As shown in FIG. 4A, a rectangular image formation area
S for printing a base image is set on the sheet of paper P. In
a printing process that is performed before a spot UV
printing process, a base image is printed in this image
formation area S. Also, a plurality of registration marks that
serve as references, respectively, for identifying an image
formation position of the base image are printed in the image
formation area S. In other words, the registration marks are
printed in pairs of registration marks R11 and R12, regis-
tration marks R21 and R22, registration marks R31 and R32,
and so on, in the paper-width direction, from the front end
of the sheet of paper Pin the paper-conveying direction (see
a solid arrow in the figure). For the sake of ease of expla-
nation, registration marks Rnl and Rn2 (n is an integer) that
are paired up are expressed as a registration mark pair Rn (n
is an integer) appropriately in the following. In the present
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embodiment, there are five registration mark pairs. How-
ever, the set number of the registration mark pairs can be
changed appropriately.

In each of the registration mark pairs, one registration
mark is printed on one end portion in the paper-width
direction in the image formation area S, and the other
registration mark is printed on the other end portion in the
paper-width direction. In terms of design, two registration
marks that constitute a registration pair are set such that the
respective positions of the registration marks in the paper-
conveying direction are the same. The plurality of registra-
tion mark pairs are printed at even intervals in the paper-
conveying direction. The image formation area S is
subdivided into a plurality of image formation areas Sn (n is
an integer) by registration mark pairs located in front (front
registration mark pairs) in the paper-conveying direction and
registration mark pairs located in back (rear registration
mark pairs) in the paper-conveying direction. In other
words, an image formation area S1, an image formation area
S2, an image formation area S3, and an image formation
area S4 are formed between registration mark pairs R1 and
R2, registration mark pairs R2 and R3, registration mark
pairs R3 and R4, and registration mark pairs R4 and R5,
respectively.

The size of each of the image formation areas in a Y
direction, i.e., an interval in the Y direction between a front
registration mark pair and a rear registration mark pair in the
paper-conveying direction, is set to be smaller than an
interval between the image sensors 60 and 62 and the line
heads 64 in the paper-conveying direction. In other words,
the line heads 64 and the image sensors 60 and 62 are
arranged such that the line heads 64 and the image sensors
60 and 62 are spaced apart at an interval that is greater than
or equal to an interval between registration marks that
constitute a front registration mark pair and registration
marks that constitute a rear registration mark pair, in the
paper-conveying direction. With this, starting of the dis-
charge control of a UV ink before the completion of a
correction process for discharge data that is performed for
each image formation area is prevented for the same image
formation area.

As shown in FIG. 4B, as a coordinate system in the
present embodiment, the center position for imaging of the
image sensor 60 is set to be the point of origin (0, 0), and the
X axis and Y axis of the Cartesian coordinate system are set
for the paper-width direction and the paper-conveying direc-
tion, respectively. The direction toward the image sensor 62
from the image sensor 60 is set to be the positive-X
direction, and the direction toward the back in the paper-
conveying direction is set to be a positive-Y direction. This
coordinate is set in accordance with the image resolution of
the base image, and a coordinate in the X direction corre-
sponds to the number of dots of the resolution (the number
of nozzles of the line heads 64). A coordinate in the Y
direction corresponds to the number of lines that corre-
sponds to a paper feeding amount for each discharge.
Therefore, detailed coordinates are actually set. However, in
order to simplify the explanation, coordinates at the center
position for imaging of the image sensor 62 are assumed to
be at (100, 0).

When a base image is printed according to a design value
and the sheet of paper P is conveyed in a normal way,
coordinates are set such that the coordinates of a registration
mark R12 become (100, 0), the coordinates of a registration
mark R21 become (0, 40), the coordinates of a registration
mark R22 become (100, 40), the coordinates of a registration
mark R31 become (0, 80), and the coordinates of a regis-
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tration mark R32 become (100, 80) when a registration mark
R11 reaches the point of origin (0, 0), as shown in the Figure.
In other words, the coordinates are set such that a distance
between a pair of registration marks becomes 100 in the X
direction, and an interval between a front registration mark
pair and a rear registration mark pair becomes 40 in the Y
direction.

In such a configuration, if the base image is not printed
according to the design value or the sheet of paper P is not
conveyed in a normal way due to the sheet of paper P being
set at an angle or the like, the above-described coordinates
cannot be obtained for the registration mark pairs, and the
base image deviates from the design value. In the present
embodiment, this deviation is calculated for each image
formation area at the time of a spot UV printing process, and
a discharge pattern according to discharge data that corre-
sponds to the deviation is corrected. Then, by performing the
discharge control of the UV ink in accordance with the
discharge data as corrected, a highly-accurate spot UV
printing process in accordance with the actual condition of
the base image can be realized.

In this correction, the position (measured position) of
each registration mark imaged by the image sensors 60 and
62 is acquired, and the difference between the measured
position and a design value (reference position) is calcu-
lated. Image timing by the image sensors 60 and 62 is set by
the number of output pulses of the encoder 54, which is
counted being triggered by the detection of a front end of the
sheet of paper P by the sheet sensor 56. This image timing
is set such that each registration mark pair falls within an
imaging range by the image sensors 60 and 62. In the same
way, discharge timing from each nozzle of the head unit 36
and ultraviolet-ray irradiation timing by the ultraviolet-ray
irradiation apparatus 38 are also set by the number of output
pulses of the encoder 54, triggered by the detection of the
front end of the sheet of paper P. An explanation will be
given in the following regarding a specific method of
correcting discharge data.

FIG. 5A shows a case where the base image is offset in the
X direction and in the Y direction with respect to the design
value. More specifically, as shown in FIG. 5B, each regis-
tration mark is parallel shifted by ten (10) dots in the X
direction and by ten (10) lines in the Y direction. The fact
that the base image is offset in this manner can be deter-
mined based on position information of two registration
mark pairs, one front registration mark pair and one rear
registration mark pair in the paper-conveying direction, that
form each image formation area, i.e., the position informa-
tion of four registration marks. When it is determined
through calculation that the four registration marks are
displaced in the X direction and in the Y direction by the
same value, it is determined that there is such an offset.

In such a case, correction according to the parallel shift is
also made for the discharge data. In other words, a correction
of shifting the discharge position of the UV ink by ten (10)
dots in the X direction and delaying the discharge timing by
ten (10) lines in the Y direction is made on the discharge
data, serving as the design value that is read out from the
memory unit 76. This number of lines in the Y direction is
associated with the number of output pulses of the encoder
54. By such correction, a highly-accurate spot UV printing
process can be also realized even when the base image is
offset.

FIG. 6A shows a case where the base image is deformed
(twisted) parallel to the paper-conveying direction with
respect to the design value. More specifically, as shown in
FIG. 6B, registration marks on one side in the paper-width
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direction are parallel shifted by —10 lines in the Y direction.
The fact that the base image is twisted in this manner can be
also determined based on position information of two reg-
istration mark pairs, one front registration mark pair and one
rear registration mark pair in the paper-conveying direction,
that form each image formation area. It is determined that
the base image is twisted when the X coordinate of each
registration mark does not change and relative displacement
in the Y direction of two registration marks that constitute a
front registration mark pair matches relative displacement in
the Y direction of two registration marks that constitute a
rear registration mark pair.

In such a case, correction according to the parallel shift is
also made for the discharge data. In other words, a correction
of advancing the discharge timing of a UV ink as the X
coordinates become larger is made on the discharge data,
serving as the design value that is read out from the memory
unit 76. More specifically, the discharge timing is advanced
by one line at a time in the Y direction for every ten (10) dots
in the X direction from the point of origin (0, 0), which is the
position of the registration mark R11. The position of the
registration mark R12 is at a line -10 in the Y direction, and
the start of the discharge process is advanced by ten (10)
lines. By such correction, a highly-accurate spot UV printing
process can be also realized even when the base image is
twisted.

FIG. 7A shows a case where the base image is deformed
(skewed) in the X direction and in the Y direction with
respect to the design value. More specifically, as shown in
FIG. 7B, with regard to an image formation area S1, the
registration mark R11 is displaced by negative ten (-10) dots
in the X direction and by ten (10) lines in the Y direction.
The registration mark R12 is displaced by negative ten (-10)
dots in the X direction and by negative ten (-10) lines in the
Y direction. The registration mark R21 is displaced by
negative five (-5) dots in the X direction and by ten (10)
lines in the Y direction. The registration mark R22 is
displaced by negative five (-5) dots in the X direction and
by negative ten (~10) lines in the Y direction. Based on the
displacement of these four registration marks, the deforma-
tion of the image formation area S1 and, furthermore, the
average amount of deformation of the base image within the
image formation area S1 are calculated, and discharge data
for the corresponding area is corrected.

In other words, after making a correction of shifting the
point of origin (0, 0) of the base image to a measured
position (~10, 10) of the registration mark R11, a correction
of delaying the discharge timing of the UV ink as an X
coordinate becomes smaller in a range where the X coordi-
nate is small and advancing the discharge timing of the UV
ink as an X coordinate becomes larger in a range where the
X coordinate is large is made on the discharge data serving
as the design value that is read out from the memory unit 76.
More specifically, the discharge timing is set to advance by
one line at a time in the Y direction for every five dots in the
X direction from the measured position (-10, 10) of the
registration mark R11. The position of the registration mark
R12 is at negative ten (-10) lines in the Y direction, and the
start of the discharge process is advanced by ten (10) lines.
The position of the registration mark R11 is at negative ten
(-10) lines in the Y direction, and the start of the discharge
process is delayed by ten (10) lines. At the same time, the
discharge position is set to be shifted by one (1) dot at a time
in the X direction for every eight (8) lines advanced in the
Y direction. The same correction is also performed for image
formation areas S2 through S4 according to the coordinates
of a front registration mark pair and the coordinates of a rear
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registration mark pair in the respective paper-conveying
directions. By such correction, a highly-accurate spot UV
printing process can be also realized even when the base
image is skewed.

FIG. 8A shows a case where the base image is enlarged in
the X direction and in the Y direction with respect to the
design value. More specifically, as shown in FIG. 8B, with
regard to an image formation area S1, the registration mark
R11 is displaced by negative five (-5) dots in the X direction
and by negative eight (-8) lines in the Y direction. The
registration mark R12 is displaced by five (5) dots in the X
direction and by negative eight (-8) lines in the Y direction.
The registration mark R21 is displaced by negative five (-5)
dots in the X direction and by negative four (-4) lines in the
Y direction. The registration mark R22 is displaced by five
(5) dots in the X direction and by negative four (-4) lines in
the Y direction. Based on the displacement of these four
registration marks, the magnification ratio and deformation
of the image formation area S1 can be calculated. Based on
the magnification ratio and the amount of the deformation,
the average amount of deformation of the base image within
the image formation area S1 is calculated, and discharge
data for the corresponding area is corrected.

In other words, based on these coordinates, the image
formation area S1 is found to be enlarged by 10% in each
direction of the X direction and the Y direction. Thus, after
making a correction of shifting the point of origin (0, 0) of
the base image to a measured position (-5, -8) of the
registration mark R11, a correction of displacing the dis-
charge position of the UV ink by one dot for every ten dots
positively in the X direction and displacing the discharge
position by one line for every ten lines positively in the Y
direction is made on the discharge data serving as the design
value that is read out from the memory unit 76. The same
correction is also performed for image formation areas S2
through S4 according to the coordinates of a front registra-
tion mark pair and the coordinates of a rear registration mark
pair in the respective paper-conveying directions. By such
correction, a highly-accurate spot UV printing process can
be also realized even when the base image is enlarged.

FIG. 9A shows a case where the base image is reduced in
the X direction and in the Y direction with respect to the
design value. More specifically, as shown in FIG. 9B, with
regard to an image formation area S1, the registration mark
R11 is displaced by five (5) dots in the X direction and by
eight (8) lines in the Y direction. The registration mark R12
is displaced by negative five (-5) dots in the X direction and
by eight (8) lines in the Y direction. The registration mark
R21 is displaced by five (5) dots in the X direction and by
four (4) lines in the Y direction. The registration mark R22
is displaced by negative five (-5) dots in the X direction and
by four (4) lines in the Y direction. Based on the displace-
ment of these four registration marks, the reduction ratio and
deformation of the image formation area S1 can be calcu-
lated. Based on the reduction ratio and the amount of the
deformation, the average amount of deformation of the base
image within the image formation area S1 is calculated, and
discharge data for the corresponding area is corrected.

In other words, based on these coordinates, the image
formation area S1 is found to be reduced by 10% in each
direction of the X direction and the Y direction. Thus, after
making a correction of shifting the point of origin (0, 0) of
the base image to a measured position (5, 8) of the regis-
tration mark R11, a correction of displacing the discharge
position of the UV ink negatively by one dot for every ten
dots in the X direction and displacing the discharge position
negatively by one (1) line for every ten (10) lines in the Y
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direction is made on the discharge data serving as the design
value that is read out from the memory unit 76. The same
correction is also performed for image formation areas S2
through S4 according to the coordinates of a front registra-
tion mark pair and the coordinates of a rear registration mark
pair in the respective paper-conveying directions. By such
correction, a highly-accurate spot UV printing process can
be also realized even when the base image is reduced.

FIG. 10A shows an example of a case where the base
image is distorted in a trapezoidal shape with respect to the
design value. More specifically, as shown in FIG. 10B, the
base image is reduced on one side in the paper-width
direction. More specifically, with regard to an image forma-
tion area S1, the registration marks R11 and R21 are not
displaced, the registration mark R12 is displaced by eight
lines in the Y direction, and the registration mark R22 is
displaced by four (4) lines in the Y direction. Based on the
displacement of these four registration marks, the deforma-
tion of the image formation area S1 can be calculated. Based
on the amount of the deformation, the average amount of
deformation of the base image within the image formation
area S1 is calculated, and discharge data for the correspond-
ing area is corrected.

In other words, based on these coordinates, the image
formation area S1 is found to be reduced by 10% in the Y
direction on one side in the paper-width direction. Thus, for
the discharge data serving as the design value that is read out
from the memory unit 76, the discharge timing of the UV ink
is delayed by one line for every ten dots in the X direction
with reference to the point of origin (0, 0) of the base image.
At a position where an X coordinate is at zero (0) 0, the
discharge position in the Y direction is not negatively
displaced. At a position where an X coordinate is at 100, the
discharge position is displaced negatively by one (1) line for
every ten (10) lines in the Y direction. Ata position where an
X coordinate is larger than zero (0) and smaller than 100, the
discharge position is negatively displaced in a linear manner.
More specifically, a line interval is reduced such that the
discharge position is displaced negatively in the Y direction
by one (1) line for every increase of ten (10) in the X
coordinate. The same correction is also performed for image
formation areas S2 through S4 according to the coordinates
of respective front registration mark pairs and the coordi-
nates of respective rear registration mark pairs in the paper-
conveying direction. By such correction, a highly-accurate
spot UV printing process can be also realized even when the
base image is reduced on one side in the paper-width
direction.

FIG. 11 A shows another example of a case where the base
image is distorted in a trapezoidal shape with respect to the
design value. More specifically, as shown in FIG. 11B, the
base image is reduced on one side in the paper-conveying
direction. More specifically, with regard to an image forma-
tion area S1, the registration mark R11 is displaced by
twenty (20) dots in the X direction, and the registration mark
R12 is displaced by negative twenty (-20) dots in the X
direction. The registration mark R21 is displaced by fifteen
(15) dots in the X direction, and the registration mark R22
is displaced by negative fifteen (15) dots in the X direction.
Based on the displacement of these four registration marks,
the deformation of the image formation area S1 can be
calculated. Based on the amount of the deformation, the
average amount of deformation of the base image within the
image formation area S1 is calculated, and discharge data for
the corresponding area is corrected.

In other words, based on these coordinates, the image
formation area S1 is found to be reduced by 40% in the X
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direction on one side in the paper-conveying direction. Thus,
after making a correction of shifting the point of origin (0,
0) of the base image to a measured position (20, 0) of the
registration mark R11 to the discharge data serving as the
design value that is read out from the memory unit 76, the
discharge position of the UV ink is displaced negatively by
two dots for every five dots in the X direction on a line where
the Y coordinate at the position of the registration mark R11
is at zero (0). Further, on a line where the Y coordinate at the
position of the registration mark R21 is forty (40), the
discharge position of the UV ink is displaced negatively by
three (3) dots for every ten (10) dots in the X direction after
shifting a discharge starting position in the X direction by
negative five (-5). Ata position where a Y coordinate is
larger than zero (0) and smaller than forty (40), the discharge
position is positively displaced in a linear-function manner
after shifting the discharge position by negative one (-1) for
every eight (8) lines in the Y direction. The same correction
is also performed for image formation areas S2 through S4
according to the coordinates of respective front registration
mark pairs and the coordinates of respective rear registration
mark pairs in the paper-conveying direction. By such cor-
rection, a highly-accurate spot UV printing process can be
also realized even when the base image is reduced on one
side in the paper-conveying direction.

FIG. 12A shows a case where a specific image formation
area of the base image is distorted with respect to the design
value. More specifically, as shown in FIG. 12B, only an
image formation area S1 of the base image is reduced on one
side in the paper-conveying direction. More specifically,
with regard to the image formation area S1, the registration
mark R11 is displaced by ten (10) lines in the Y direction.
Other registration marks R12, R21, and R22 are as specified
by respective design values. Based on the displacement of
these four registration marks, the deformation of the image
formation area S1 can be calculated. Based on the amount of
the deformation, the average amount of deformation of the
base image within the image formation area S1 is calculated,
and discharge data for the corresponding area is corrected.

In other words, based on these coordinates, the image
formation area S1 is found to be reduced by 25% in the Y
direction on one side in the paper-conveying direction. Thus,
for the discharge data serving as the design value that is read
out from the memory unit 76, the discharge timing of the UV
ink is delayed by one line for every negative ten (-10) dots
in the X direction with reference to the position (100, 0) of
the registration mark R12 of the base image. At a position
where an X coordinate is 100, the discharge position in the
Y direction is not negatively displaced. At a position where
an X coordinate is at zero (0), the discharge position is
displaced negatively by one (1) line for every four (4) lines
in the Y direction. At a position where an X coordinate is
smaller than 100 and larger than zero (0), the discharge
position is negatively displaced in a linear-function manner.
More specifically, a line interval is reduced such that the
discharge position is displaced negatively in the Y direction
by one line for every decrease of ten (10) in the X coordi-
nate. There is no distortion in image formation areas S2
through S4. Thus, correction is not necessary, and the
discharge data according to the design value is directly used.
By such a process, a highly-accurate spot UV printing
process can be also realized even when the base image is
deformed in a specific image formation area, i.e., when the
distortion is not even and exists in a portion of the image.

An explanation will now be given regarding the flow of
specific processes performed in the present embodiment.
FIG. 13 is a flowchart illustrating a discharge process of a
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UV ink that is performed by the electronic control unit 50.
This process is performed when a spot UV printing process
is started by operation input by the user via the input device
80. Before this process, an already-printed sheet of paper P
subject to spot UV printing is set on the paper feeding table
20, and discharge data used for the printing of the sheet of
paper P is stored in the memory unit 76.

When paper feeding is performed by the paper feeder 12
and the front end of the sheet of paper P is detected by the
sheet sensor 56 (Y in S10), the data acquisition unit 70
acquires position information of the sheet of paper P based
on detection information according to the encoder 54 (S12).
Subsequently, the correction unit 72 performs a correction
process for the discharge data (S14), and the control unit 74
performs a discharge control process of the UV ink based on
the discharge data as corrected (S16). These correction and
discharge control processes are performed for each image
formation area. Thus, until the processes are completed for
all image formation areas of the sheet of paper P, the
processes shown in S14 and S16 are repeated (N in S18).
Then, when the processes are completed for all the image
formation areas (Y in S18), the control unit 74 performs a
discharge completion process that is preset (S20) so as to
end the process for the moment.

FIG. 14 is a flowchart illustrating a discharge data cor-
rection process in S14 shown in FIG. 13 in detail. When the
correction unit 72 determines based on the detection infor-
mation according to the encoder 54 that the sheet of paper
P has reached a position at which imaging is performed by
the image sensor 60 (Y in S30), the correction unit 72
increments the number m of processes of reading a regis-
tration mark pair by one (S32). The initial value of m is set
to be zero, and m becomes “1” when the first treatment is
performed. Then, the correction unit 72 allows an m-th
registration pair from the head of the sheet of paper in the
paper-conveying direction to be imaged by the image sen-
sors 60 and 62 (S34) and stores position information of the
registration pair in a predetermined area in the RAM (S36).
For the sake of ease of explanation, a registration mark is
often expressed as “RM”, and an m-th registration mark pair
is often expressed as “RMm” in the embodiment.

If the registration mark pair is imaged for the first time
(m=1) at this time (N in S38), the step goes back to S30. On
the other hand, if the number of times of the imaging of the
registration mark pair is two or more (m=2) (Y in S38), the
correction unit 72 reads out position information of four
registration marks that constitute registration mark pair
imaged this time and registration mark pair imaged last time
(S40). In other words, the correction process is skipped if the
registration mark pair is imaged for the first time since the
correction process is performed using four registration
marks that constitute front and rear registration mark pairs.

Then, the correction unit 72 updates the number n of times
the correction process has occurred as follows: n=m-1
(S42). The initial value of the number n of times the
correction process has occurred is set to be zero. This shows,
for example, regarding a sheet of paper P that the first
correction process (n=1) is performed when a second reg-
istration mark pair (m=2) from the head of the sheet of paper
is read. In other words, the number n of times the correction
process has occurred and the number m of times the reading
of a registration mark pair has occurred are associated with
each other. Then, the correction unit 72 reads discharge data
Dn that corresponds to an image formation area at this time
(i.e., n-th image formation area) from the memory unit 76
(S44). Then, based on the position information of the four
registration marks that constitute the m-th registration mark

30

40

45

14
pair RMn and an (m-1)th registration mark pair RMm-1,
the correction unit 72 corrects the discharge data Dn so as to
set the discharge data Dn as corrected. This correction
process is as explained in association with FIGS. 5-11.

The correction unit 72 repeats the processes in S30
through S48 until the number n of times the correction
process has occurred reaches a set number of times nset at
this time (N in S50). The set number of times, nset, corre-
sponds to the number of image formation areas and is nset=4
in the present embodiment. When the number n of times the
correction process has occurred reaches the set number of
times nset (Y in S50), the correction unit 72 performs a
correction ending process of, e.g., clearing the number m of
times the reading process has occurred and the number n of
times the correction process has occurred to zero (S52) so as
to end the process for the moment.

FIG. 15 is a flowchart illustrating a discharge control
process in S16 shown in FIG. 13 in detail. After increment-
ing the number n of times the discharge control process has
occurred by one (S60), the control unit 74 reads the dis-
charge data Dn as corrected (discharge data for a single
image formation area) (S62). Driving the head unit 36, the
control unit 74 starts a discharge process based on the
discharge data Dn (S64). The number n of times the dis-
charge control process has occurred corresponds to the
number n of times the correction process has occurred, and
these processes are repeated until the number n of times the
discharge control process has occurred reaches a set number
of times nset (N in S68). When the discharge process based
on the discharge data Dn is ended (Y in S66) and the number
n of times the discharge control process has occurred reaches
the set number of times nset (Y in S68), the control unit 74
performs a discharge control ending process of, e.g., clear-
ing the number n of times the discharge control process has
occurred to zero (S70) so as to end the process for the
moment.

As explained above, according to the present embodi-
ment, in addition to a pair of registration marks that are
spaced apart in a paper-width direction, a pair of registration
marks that are spaced apart in a paper-conveying direction
is further printed on a sheet of paper P on which an image
has already been formed. Discharge data is corrected based
on a positional relationship between these four registration
marks. Therefore, correction is made in response to factors
for misalignment caused in a printed image of the sheet of
paper P, and a UV ink layer can be formed on the sheet of
paper P with high accuracy.

Also, the line heads 64 and the image sensors 60 and 62
are spaced apart at an interval that is larger than the interval
between a front registration mark pair and a rear registration
mark pair in the paper-conveying direction. Thus, a dis-
charge control process for a front image formation area (see
FIG. 15) and a discharge data correction process correspond-
ing to a rear image formation area (see FIG. 14) can be
performed simultaneously. As a result, the efficiency of a
spot UV printing process can be improved for the entirety of
a sheet of paper P.

The plurality of registration mark pairs are arranged at an
interval that is relatively small in the paper-conveying
direction of the sheet of paper P. Thus, there is an advantage
of being able to form the entire ink jet recorder 10 in a
compact manner. In other words, as an example for the
arrangement configuration of the registration mark pairs, it
is also possible to arrange a single pair each only at a front
end and a rear end of the sheet of paper P. In that case,
correction in response to distortion in the paper-conveying
direction can be also made to some degree by reading the



US 9,463,652 B2

15

position of the single registration mark pair on the front end
side of the sheet of paper and the single registration mark
pair on the rear end side before the formation of a UV ink
layer. Further, distortion in an image and skew in an image
can be distinguished from each other. However, it is
assumed that there is a case where, since distortion of an
image often changes slightly in a paper-conveying direction
in recent digital printing, correction in response to the slight
change in the distortion is difficult depending on the size of
the sheet of paper P. Further, the discharging of a UV ink
cannot be started unless registration marks at a front end and
registration marks at a rear end of a sheet of paper are read.
Thus, if the registration marks are to be read, an interval
between a registration mark reading position and a UV ink
discharging position needs to be large; therefore, the size of
an ink jet recorder may be increased, and a printing process
may take a long time. In the present embodiment, a plurality
of registration mark pairs are arranged at relatively small
intervals; for example, three or more registration mark pairs
are arranged in the paper-conveying direction of a sheet of
paper P. Thus, these problems can be avoided.

Further, in a correction process for discharge data, when
an image formation area is deformed with respect to a design
value, the number of nozzles for discharging a UV ink is
increased or decreased averagely (almost evenly) in relation
to the number of lines in a paper-conveying direction or the
number of dots in a paper-width direction in accordance with
the deformation of the image formation area. Therefore,
even when a printed image is deformed in an expanding or
shrinking manner with respect to a design value, influence
on the accuracy of spot UV printing given by an error due
to the deformation can be minimized. In other words, a UV
ink can be discharged with high accuracy along the printed
image as deformed, and a highly accurate finish can be
achieved by spot UV printing.

In the embodiment, an example is shown where a sheet of
paper P is conveyed in a normal way along a conveying
direction. However, for example, even when the sheet of
paper P is tilted, the above-described correction process for
discharge data is allowed to function effectively. This is
because the above-described coordinate system for a cor-
rection process is set with reference to the reading position
of the image reader 34 instead of the sheet of paper P itself.

Not only the aforementioned embodiment but the com-
binations of the elements of the embodiments will also be
within the scope of the present invention. Various variations
including design variations can be made to the embodiments
by those skilled in the art and such variations are also within
the scope of the present invention.

In the above embodiment, a configuration is illustrated
where an interval between a first registration mark pair
located in front in a paper-conveying direction in an image
formation area S and a second registration mark pair located
in back in the paper-conveying direction (this interval is
referred to as an “interval A” for convenience sake) is
smaller than a spacing interval between the head unit 36 and
the image reader 34 in the paper-conveying direction (this
interval is referred to as an “interval B”). In an exemplary
variation, discharge data may be able to be corrected even
when the interval A is greater than or equal to the interval B.

In that case, for example, processes may be performed as
shown in the following. In other words, first, information on
which discharge data before correction is based, i.e., infor-
mation regarding the interval A is acquired in advance from
image information stored in the memory unit 76, and
whether or not the interval A is greater than or equal to the
interval B is determined. If it is determined that the interval
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A is not greater than or equal to the interval B at this time,
a simultaneous parallel process is performed, starting from
the first sheet of paper that is fed, where discharge control on
a front image formation area in the paper-conveying direc-
tion and a correction process for a rear image formation area
in the paper-conveying direction are performed simultane-
ously as in the same way as in the above embodiment.

On the other hand, if it is determined that the interval A
is greater than or equal to the interval B, first and second
registration mark pairs are read by first allowing at least one
sheet of paper to pass without the application of a UV ink.
Then, the next sheet of paper is fed. After the first registra-
tion mark pair reaches the head unit 36 and before the
second registration mark pair reaches the image reader 34,
correction is made using read data of the first sheet of paper
that has passed earlier. In other words, the tendency of
misalignment is estimated based on the position of the
registration marks read on the sheet of paper that has passed
earlier instead of reading registration marks on a sheet of
paper that is subject to ink discharging for making correc-
tion. The second registration mark pair is detected afterward
as a discharge process of UV ink progresses. The correction
of the sheet of paper subject to ink discharging becomes
possible at that point. Thus, the correction may be started.

Based on the above descriptions, for example, the fol-

lowing invention is recognized. One embodiment of the
present invention relates to an ink jet recorder configured to
perform a spot UV printing process, where an ultraviolet
curable spot UV printing ink is discharged onto a sheet of
paper on which a registration mark that serves as a reference
for identifying an image formation position is printed and on
which an image has already been formed, such that the spot
UV printing is superimposed on the image. This ink jet
recorder comprises:
a conveying mechanism that conveys the sheet of paper on
which the image has already been formed; a recording head
that functions to discharge the spot UV printing ink onto a
printing surface of the sheet of paper, on which the image
has already been formed; an ultraviolet-ray irradiation unit
that is arranged downstream of the recording head in a
paper-conveying direction and that cures, by irradiating with
an ultraviolet ray, the spot UV printing ink on the sheet of
paper; a reader that is arranged upstream, in the paper
conveying direction, of the recording head and that reads the
registration mark printed on the sheet of paper that is
conveyed; a memory unit that stores data that is set in
advance, based on a design correspondence relationship,
between a printing position of the registration mark and the
image formation position in the sheet of paper, wherein the
data is discharge data for identifying a discharge pattern of
the spot UV printing ink discharged from the recording
head; a controller that performs the discharge control of the
recording head based on the discharge data; and a correction
unit that corrects the discharge data based on information
read for the registration mark.

On the sheet of paper on which the image has already
been formed, a first registration mark pair and a second
registration mark pair are printed. The first registration mark
pair and second registration mark pair each consist of a pair
of registration marks that are arranged to be spaced apart in
a paper-width direction, perpendicular to the paper-convey-
ing direction, the second registration mark pair located
posterior to the first registration mark pair in the paper-
conveying direction. Based on the actual positional relation-
ship between the first registration mark pair and the second
registration mark pair that are read by the reading unit, the
correction unit corrects discharge data that corresponds to an
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image formation area located between the first registration
mark pair and the second registration mark pair.

According to this embodiment, in addition to a pair of
registration marks that are spaced apart in the paper-width
direction, a pair of registration marks that are spaced apart
in the paper-conveying direction is further printed on the
sheet of paper on which the image has already been formed.
The discharge data is corrected based on a positional rela-
tionship between these four registration marks. In other
words, the correction is made in consideration of both a
misalignment in the paper-conveying direction and a mis-
alignment in the paper-width direction in a printed image.
Therefore, the correction is made in response to whether the
misalignments in the printed image are caused by skew in
the sheet of paper or by distortion of the image, and a UV
ink layer can be formed with high accuracy on the sheet of
paper on which the image has already been formed.

The recording head and the reading unit may be arranged
such that the recording head and the reading unit are spaced
apart at an interval that is more than an interval between the
registration marks that constitute the first registration mark
pair and the registration marks that constitute the second
registration mark pair in the paper-conveying direction.
Such a configuration allows discharge control of a UV ink
to be started after the reading of the four registration marks
and thus allows the reflection of results of the correction of
the discharge data to be ensured from the start of the
discharge control.

On the sheet of paper on which the image has already
been formed, a third registration mark pair may be further
printed that is located posterior to the second registration
mark pair in the paper-conveying direction and that consists
of a pair of registration marks that are arranged to be spaced
apart in the paper-width direction. Then, the correction unit
may sequentially perform a first correction, which is a
correction on the discharge data that corresponds to a first
image formation area located between the first registration
mark pair and the second registration mark pair, and a
second correction, which is a correction on the discharge
data that corresponds to a second image formation area
located between the second registration mark pair and the
third registration mark pair, and perform the second correc-
tion in parallel with the discharge control based on discharge
data obtained by the first correction.

According to this embodiment, by allowing discharge
control on a front image formation area in the paper-
conveying direction and a correction process for a rear
image formation area in the paper-conveying direction to be
performed simultaneously, the efficiency of a spot UV
printing process can be improved for the entirety of a sheet
of paper.

The first, second, and third registration mark pairs are set
such that the respective positions of each pair of registration
marks that are spaced apart in the paper-width direction are
the same in the paper-conveying direction in terms of
design. The correction unit acquires, as a measured position,
the position of a pair of registration marks that constitute
each of the registration mark pairs based on information read
by the reading unit. The correction unit may correct the
discharge data that corresponds to a specific image forma-
tion area surrounded by a pair of registration marks that
constitute a front registration mark pair in the paper-con-
veying direction and a pair of registration marks that con-
stitute a rear registration mark pair in the paper-conveying
direction based on a difference between a reference position,
which is a designed position of each registration mark stored
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in advance in the memory unit, and a measured position of
each registration mark that has been actually acquired.

This embodiment allows an area surrounded by reference
positions, i.e., an area that serves as a reference for the
correction to be a rectangular area that is parallel in the
paper-conveying direction and thus allows a coordinate axis
for identifying an image formation position to be easily set
in the paper-conveying direction and the paper-width direc-
tion. As a result, an arithmetic operation for the correction
can be simplified.

The recording head is configured to include nozzles that
discharge a UV ink, lined in the paper-width direction. When
a specific image formation area surrounded by respective
measured positions of the registration marks is deformed
with respect to a specific image formation area surrounded
by respective reference positions of the registration marks,
the correction unit may correct the discharge data so as to
averagely increase or decrease the number of nozzles for
discharging a UV ink in the recording head in the paper-
conveying direction or the paper-width direction in accor-
dance with the deformation of the specific image formation
area.

According to this embodiment, even when a printed
image is deformed in an expanding or shrinking manner in
a paper-conveying direction or a paper-width direction with
respect to a design value, influence on the accuracy of spot
UV printing given by an error due to the deformation can be
minimized. In other words, a UV ink can be discharged with
high accuracy along the printed image as deformed, and a
highly accurate finish can be achieved by spot UV printing.

The memory unit may store position information of the
first registration mark pair and position information of the
second registration mark pair that correspond to the dis-
charge data stored in advance and information regarding a
spacing interval between the recording head and the reading
unit in the paper-conveying direction. When an interval
between the registration marks that constitute the first reg-
istration mark pair and the registration marks that constitute
the second registration mark pair is greater than or equal to
the spacing interval between the recording head and the
reading unit in the paper-conveying direction, the correction
unit may perform, without performing a correction of the
discharge data for at least a first sheet of paper on which an
image has already been formed, a correction of the discharge
data for a subsequent sheet of paper on which an image has
already formed, based on the actual positional relationship
between the first registration mark pair and the second
registration mark pair read for the first sheet of paper on
which the image has already been formed. When correction
is not performed for the first sheet of paper on which the
image has already been formed, the control unit may per-
form, without performing discharge control of the recording
head on the first sheet of paper on which the image has
already been formed, discharge control of the recording head
based on the discharge data as corrected for the subsequent
sheet of paper on which the image has already been formed.

What is claimed is:

1. An ink jet recorder configured to perform an overcoat-
ing process, wherein an overcoating ink is discharged onto
a sheet of paper on which a registration mark that serves as
a reference for identifying an image formation position is
printed and on which an image has already been formed,
such that the overcoating ink is superimposed on the image,
the ink jet recorder comprising:

a conveying mechanism that conveys the sheet of paper

on which the image has already been formed;



US 9,463,652 B2

19

a recording head that functions to discharge the overcoat-
ing ink onto a printing surface of the sheet of paper, on
which the image has already been formed;

a reader that is arranged upstream, in a paper-conveying
direction, of the recording head and that reads the
registration mark printed on the sheet of paper that is
conveyed;

a memory unit that stores data that is set in advance, based
on a design correspondence relationship between a
printing position of the registration mark and the image
formation position in the sheet of paper, wherein the
data is discharge data for identifying a discharge pattern
of the overcoating ink discharged from the recording
head;

a controller that performs the discharge control of the
recording head based on the discharge data; and

a correction unit that corrects the discharge data based on
information read for the registration mark,

wherein, on the sheet of paper on which the image has
already been formed, a first registration mark pair and
a second registration mark pair are printed, the first
registration mark pair and second registration mark pair
each consisting of a pair of registration marks that are
arranged to be spaced apart in a paper-width direction
perpendicular to the paper-conveying direction, the
second registration mark pair located posterior to the
first registration mark pair in the paper-conveying
direction, and

wherein, based on the actual positional relationship
between the first registration mark pair and the second
registration mark pair that are read by the reading unit,
the correction unit corrects discharge data that corre-
sponds to an image formation area located between the
first registration mark pair and the second registration
mark pair.

2. The ink jet recorder according to claim 1, wherein, on
the sheet of paper on which the image has already been
formed, a third registration mark pair is further printed
located posterior to the second registration mark pair in the
paper-conveying direction and consisting of a pair of reg-
istration marks that are arranged to be spaced apart in the
paper-width direction, and

wherein the correction unit sequentially performs a first
correction, which is a correction on the discharge data
that corresponds to a first image formation area located
between the first registration mark pair and the second
registration mark pair, and a second correction, which
is a correction on the discharge data that corresponds to
a second image formation area located between the
second registration mark pair and the third registration
mark pair.

3. The ink jet recorder according to claim 2, wherein the
correction unit performs the second correction in parallel
with the discharge control, based on discharge data obtained
by the first correction.

4. The ink jet recorder according to claim 1, wherein the
correction unit acquires, as a measured position, the position
of a pair of registration marks that constitute each of the
registration mark pairs based on information read by the
reading unit, and

wherein the correction unit corrects the discharge data
that corresponds to a specific image formation area
surrounded by a pair of registration marks that consti-
tute a front registration mark pair in the paper-convey-
ing direction and a pair of registration marks that
constitute a rear registration mark pair in the paper-
conveying direction based on a difference between a
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reference position, which is a designed position of each
registration mark stored in advance in the memory unit,
and a measured position of each registration mark that
has been actually acquired.

5. The ink jet recorder according to claim 4, wherein the
recording head is configured to include nozzles that dis-
charge an overcoating ink lined in the paper-width direction,
and, when a specific image formation area surrounded by
respective measured positions of the registration marks is
deformed with respect to a specific image formation area
surrounded by respective reference positions of the regis-
tration marks, the correction unit corrects the discharge data
s0 as to increase or decrease, on average, the number of
nozzles for discharging an overcoating ink in the recording
head in the paper-conveying direction or the paper-width
direction in accordance with the deformation of the specific
image formation area.

6. The ink jet recorder according to claim 1, wherein the
memory unit stores: position information of the first regis-
tration mark pair and position information of the second
registration mark pair that correspond to the discharge data
stored in advance; and information regarding a spacing
interval between the recording head and the reading unit in
the paper-conveying direction,

wherein the correction unit performs, without performing

a correction of the discharge data for at least a first sheet
of paper on which an image has already been formed,
a correction of the discharge data for a subsequent sheet
of paper on which an image has already formed, based
on the actual positional relationship between the first
registration mark pair and the second registration mark
pair read for the first sheet of paper on which the image
has already been formed, and

wherein the controller performs, without performing dis-

charge control of the recording head on the first sheet
of paper on which the image has already been formed,
discharge control of the recording head based on the
discharge data as corrected for the subsequent sheet of
paper on which the image has already been formed.

7. The ink jet recorder according to claim 6, wherein,
when an interval between the registration marks that con-
stitute the first registration mark pair and the registration
marks that constitute the second registration mark pair is
greater than or equal to the spacing interval between the
recording head and the reading unit in the paper-conveying
direction, the correction unit performs, without performing
a correction of the discharge data for at least a first sheet of
paper on which an image has already been formed, a
correction of the discharge data for a subsequent sheet of
paper on which an image has already formed, based on the
actual positional relationship between the first registration
mark pair and the second registration mark pair read for the
first sheet of paper on which the image has already been
formed.

8. The ink jet recorder according to claim 6, wherein,
when correction is not performed for the first sheet of paper
on which the image has already been formed, the controller
performs, without performing discharge control of the
recording head on the first sheet of paper on which the image
has already been formed, discharge control of the recording
head based on the discharge data as corrected for the
subsequent sheet of paper on which the image has already
been formed.

9. The ink jet recorder according to claim 1, wherein the
overcoating ink is an ultraviolet curable UV ink.

10. The ink jet recorder according to claim 9, further
comprising:
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an ultraviolet-ray irradiation unit that is arranged down-
stream of the recording head in the paper-conveying
direction and that cures, by irradiating the sheet of
paper that is conveyed with an ultraviolet ray, the UV
ink on the sheet of paper. 5
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